INTRODUCTION
HCP is an obscure molecule to most chemists, yet it is well characterized spectroscopically. In fact, more electronic states have been characterized for HCP than for any other polyatomic molecule. 1 This was reported in one paper by Johns, Shurvell, and Tyler.2 This work was extended by Hartford et al. 3 who used optical stark spectroscopy to measure the dipole moment for several excited electronic states. Frost et al. have measured the photoelectron spectrum of HCP,4 and King et al., the emission spectrum of the HCP+ ion. 5 The ground electronic state has been thoroughly studied as well. The microwave spectrum was studied by Tyler 6 and by Johns, Stone, and Winnewiser.7 Cabana and coworkers s -II have used high resolution IR spectra of HCP and its common isotopically substituted species to determine most of the harmonic and second order anharmonic constants. In contrast to this extensive spectroscopic information, there exists no thermochemical data on HCP, so its dissociation energy is not yet known.
The known spectroscopic properties of HCP are very similar to those of HCN. Like HCN, the ultraviolet absorption spectrum is dominated by a bent(A )+-linear(X) transition. 2 For HCP, the origin for this transition is at 2874.22 A, which is much more accessible than the A+-X system of HCN. 12 The absorption spectrum ofHCP does not show the diffuseness that characterizes the HCN spectrum, but it is not known if this is because the transitions are below the dissociation limit or not.
It is known that the bending potential of HCN has a well on the HNC side -5200 cm-I higher than the HCN side. \3 Ab initio calculations put the barrier to isomerization at 17 500 cm -1.14 The present work was undertaken to characterize the bending potential of HCP to see if it has analoa) Junior Fellow, Harvard Society of Fellows.
gous behavior. Because of the bent+-linear nature of the A+-X transition, the fluorescence spectrum was expected, and found, to have a long progression in the bending mode. Because the C-P bond length also changes, the C-P stretch is also active in fluorescence. No observable activity in the C-H stretch was found.
From the resolved fluorescence spectrum, 94 vibrational energy levels have been observed in the ground electronic state. These states have up to 27 quanta in the bending mode and up to five quanta in the C-P stretching mode. Most of these observed levels are reported for the first time. These energy levels are fit, to within experimental accuracy of 5 cm -1, by a rigid bender Hamiltonian 15-17 with five free parameters. The bending potential can be considered to be determined over a range of bond angles corresponding to the classical turning points of the highest observed bending state 0-100°(0-17 500 cm -I). The slope of the bending potential is still increasing at the highest observed level so the potential shows no sign of turning over, like the HCN potential does in this energy region.
An ab initio bending potential for HCP has been calculated at the MP4/31G** level (fourth order M46ller-Plesset perturbation theory) using bond lengths optimized at the HF /6-31 G* level for a given HCP bond angle. The calculated bending potential is in excellent agreement with the experimentally determined one over the experimentally sampled region. The ab initio potential predicts that HPC is approximately 30 000 cm -I higher in energy than HCP, and has a maximum in the bending potential. This is in sharp contrast to the HCN behavior. capillary tube, 30 cm long, heated to greater than 1000 °C. The major products of the pyrolysis are HCI, HCP, and CH 4 • The HCI and low volatile products are trapped in a KOH filled trap, cooled to dry ice temperature. The HCP and unreacted CH 3 PCl 2 is trapped at 77 K, the CH 4 is pumped away. When the 77 OK trap is warmed to 135 OK, the HCP comes off with a vapor pressure of a few Torr. It can then be stored indefinitely in a glass tube at 77 OK. When exposed to glass, the HCP is quite stable at room temperature as long as the pressure remains below a few Torr.
HCP fluorescence was observed by exposing it to the frequency doubled output of a dye laser pumped by the second harmonic output of a Y AG laser. The sample was exposed to -0.25 mJ ofUV at a repetition rate of 20 Hz. The HCP was found to be photochemically unstable when pumped to the excited electronic state, so it was necessary to slowly flow the HCP through the fluorescence cell. In all the measurements reported here, the dye laser was operated with a linewidth of -0.3 cm-I and was tuned to the R branch band head of different vibrational states. One band, theB-X transition which has itsR branch bandhead 2782.22 A, was examined with rotational resolution and the lifetime found not to depend noticeably on J over the range J = 1-9.
The optical setup is shown in Fig. 1 . Undispersed fluorescence was detected to aid in tuning to the R branch heads, as well as to monitor the HCP concentration. Fluorescence was dispersed through a Spex 1 m double monochronometer using a grating with 1200 grooves/mm and blazed at 1 ft. Filters were used to separate the overlapping orders of the monochrometer. The light was detected by a photomultiplier tube which has an extended S-20 cathode. Light from a Ne hollow cathode lamp was focused through the cell and onto the slits of the monochrometer providing calibration lines. The grating drive proved stable over a period of several months, so a single calibration scan, performed with narrow slits, was used.
For the lifetime measurements, the signal from the PMT collecting the undispersed fluorescence was captured on a Tektroniks transient digitizer and averaged on a DEC MINC computer. The lifetimes were determined by a least squares fit of the decay curves. Both the data acquisition and analysis programs were supplied by Patrick Vaccaro of MIT. The HCP pressure was monitored by a thermocouple gauge, which was calibrated for use with HCP by comparison with a capacitance manometer.
In recording the dispersed fluorescence, the output of the PMT was detected with a boxcar averager. The gate width was set at several fts. The HCP pressure (:::::100 mTorr) was high enough that the fluorescence was collisionally quenched. Despite this, the qualitative features of the spectrum appeared to be independent of gate width on the boxcar, indicating that collisionally relaxed fluorescence was not important.
PHOTOCHEMICAL ACTIVITY
The HCP sample was found to decompose with a time constant of about 5 min when exposed to the 20 Hz laser excitation (::::;250 ftJ/pulse) at pressures (::::; 100 mTorr) where the upper electronic state was largely collisionally quenched. The decomposition ceased or at least slowed drastically when the laser was blocked. The vapor pressure of the sample did not change, even when almost all the HCP had been destroyed. If our sample was predominantly HCP,18 this implies that one molecule of gas was made for each HCP molecule destroyed. The rapidity of the photodecomposition implies that the quantum yield for HCP destruction must be on the order of unity, unless a chain reaction is initiated photochemically.
LIFETIME RESULTS
The measured radiative and collisional decay rates of the accessible vibrational bands ofHCP are listed in Table I . The assignment for the bands is taken from Johns et aU The decay curves were adequately fit by a single exponential decay. No evidence of quantum beats was found in the decay curves. The measurement of the radiative decay rates required working at very low pressures (a few mTorr). It was difficult both to maintain stable pressure and obtain accurate pressure readings, so the radiative decay rates are only accurate to about 25%. Despite this, several qualitative observations can be made. Figure 2 shows a low resolution plot of the spectrally resolved fluorescence spectrum ofHCP, pumping at 2745 A.
RESOLVED FLUORESCENCE
A long progression of 14 members can be seen. Not evident from the linear wavelength scale is the very harmonic spacing of the progression, with the spacing between the first two members being only about 10% more than the spacing of the last two members. This is quite surprising since the 13th member of the progression has about 17 000 cm -I of excitation energy. The spacing of the progression, about 1300 cm -I, is indicative of either C-P stretching excitation (v 3 ) or even quanta of the bending mode (v 2 ). No progression built upon the C-H stretch (VI) could be assigned. The same qualitative spectrum was observed when pumping different vibrational energy levels of the A state, as well as when pumping the Band d states. As will be shown below, the long progression is primarily in the bending mode. The Band d states are assigned as linear excited electronic states. Thus the fact that they give the same fluorescence spectrum as the strongly bentA state is further evidence that they are fluorescing and presumably also absorbing by borrowing A state character.
Emission spectra from two excited states were studied at high resolution. The first we will discuss is from the A (0,2°,1) energy level, pumped with the hot band transition at 2772.05 A. The superscript refers to the K value of the state. The dye laser was set to excite the R bandhead. This excites principally R (6), though R (5) and R (7) are excited as well. Because of the selection rules for a perpendicular transition, the fluorescence from K = 0 can only terminate on K = I = 1 in the lower state. The rotational selectional rules predict a P, Q, and R branch in emission (intensity of about 1 :2: 1), separated by approximately 2 B J which is about 10 cm -I for the J values being pumped. The resolution was not high enough to resolve the P, Q, R structure, so emission A.
bands were identified by the stronger, central Qbranch. This final state has one more unit of rotational angular momentum than the initial state (we are pumping an R branch) and so included with the vibrational energy, there is about 2 B J more rotational energy than in the initial state. Therefore, in computing the vibrational energy from the difference between pump and emission energy, 10 cm -I was subtracted to compensate for this extra rotational energy. The energy of the (0, 1 1 ,0) state, the lower level of the pump transition, was taken from Garneau and Cabana.1O Figure 3 shows a high resolution scan of the first member of the progression. The two observed states, (0,3 1 ,0) and (0,1 1 ,1), were both known from IR work, and so assignment was straightforward. In extending to higher members of the progression, the fine structure gets more complicated, as shown in Fig. 4 , which shows the eighth member of the progression. The lower members of the progression were assigned using Cabana et al. 's anharmonic constants. II After assigning the lower energy levels in this way, three third order anharmonic constants were fit to the data, and used to extrapolate to higher energy. In this bootstrap method, most of the strong features in the spectrum were assigned, though several notable exceptions remain, one being the unassigned peak in Fig. 4 . The resulting spectroscopic constants (lUi and xij from Cabana et al., Yijk fitted to the data) reproduced the observed vibrational energy levels (rms deviation of 8 cm -I) to about the experimental precision, believed to be about 5 cm -I. However, there were clearly systematic trends in the residuals. Further, the Yijk 's were highly correlated with the assumed constants, and gave no physical insight into the molecule.
The 40 assigned energy levels were fit to a physical Hamiltonian, the rigid bender Hamiltonian, which will be discussed in the next section. In addition to determining the bending potential of HCP, the results of the fit were used to predict the energies of I = 0 and 2 vibrational states without extra parameters.
The other high resolution spectrum examined is from I9 We assign its intensity as coming from the A state, most probably from the nearby (0,2 1 ,0) vibrational state. The radiative lifetime was found not to vary over the range J = 1-9, indicating that the mixing with the A state is not caused by rotational interactions. The selection rules for fluorescence from this K = 1 state are to states with I = 0 and 2. The separation in energy between these states should be about 4g 22 which is about 20 cm -1. When pumping on an R branch transition, the rotational selection rules give a P and R branch in emission, but no Q branch (for I = 2 the Q branch is not completely forbidden, but much weaker). Thus the P, R doublets are also expected to be about 20 cm -1, leading to a complicated spectrum. Figure 5 shows the first member of the progression, with the vibrational assignments marked. As can be seen, the spectrum is badly overlapped. Initially, it proved difficult to assign the bulk of the spectrum, especially since there was no information on how g22 would vary with vibrational quantum numbers. Since for a linear molecule basis, states with the same vibrational quanta, but different values of / correlate in a nonlinear molecule to different vibrational states with different values of K, it was expected that g22 would vary quite significantly with bending quantum number. Therefore, initially only the lowest states could be assigned with any confidence. The rigid bender predictions were used to assign the spectra, and the predicted energy levels agreed to almost identical error as those I = 1 levels that were initially fit, despite the problems of blending in the I = 2 spectrum. As it turns out, for the highest observed bending levels, g22 increases by only 50%. Combining the results from the two upper states, 94 vibrational energy levels were measured, relative to the ground vibrational state. Most of the states have never been observed before. The experimental accuracy is not very high, but it is probably only about five times worse than the believed accuracy of the Hamiltonian used, and is more than sufficient to determine the bending potential to chemically interesting accuracy. A few final comments about the emission intensities are in order. In a mixed progression such as observed for HCP, with both V2 (bending mode) and V3 (C-P stretch) active, one expects the highest observed energy levels to be states with both V 2 and V3 excited. Figure 6 shows the highest observed level, (0,27 1 ,0). The state (0,25\ 1) should appear to the left of the (0,27\0) state, but nothing is observed on that side. The weak peaks on the high frequency side appear in many of the high energy spectra, and are not assigned. The intensity of the V3 excited progressions just die away before the pure V2 progression. Exciting to higher A state vibrational energy levels would presumably move the Franck-Condon factors   FIG. 6 . High resolution scan of highest observed level. to even higher ground state energy levels, but we were limited because of the use of the doubled YAG output for pumping the dye laser. Figure 7 shows the region near (0,8°,0). As can be seen, there is a striking hole where the states (0,6°,2,1) should be. In retrospect, such striking intensity variations may prove useful in fine tuning the bending potential; unfortunately, the present experiments were not carried out with attention to the relative intensities, so such information would have to come from a more refined data set, including the variation in fluorescence intensity with vibrational state of the A state.
FITTING PROCEDURE
The 94 experimentally determined ground state energies were used in a least squares fitting of a rigid bender model. 1516 The rigid bender model was modified in the manner of Ross and Bunker l7 to account for the effects ofthe V3 (C-P stretch) vibrational averaging. As no transitions involving the VI vibration (C-H stretch) were seen, it is not possible to account for the effects of the VI vibrational averaging solely with the present data. The effective bending potential function for the (V I ,V3) = (O,v 3 ) small amplitude stretching states that were observed, is [cf. Eq. (2) 
is thus the bending potential function corrected for the vibrational averaging of the V3 vibration but not that of the VI vibration. The bending potential constantsf~a and f ~aaa are primed to indicate that they are to some extent "polluted" by the variation with bending angle of the VI stretching frequency. w 3 ( p) is the harmonic V3 frequency as a function of the bending anglep.1t was sufficient to treat the X33 anharmonic constant as independent of the bending anglep.
Due to the lack of knowledge of the rotational constants for the excited vibrational states, it was not possible to determine the variation of the bond lengths with bending angle. The bond lengths that were used in the fitting were the re values of Strey and Mills 20 : reICH) = 1.0692 A, re(CP) = 1.5398 A. These bond lengths were held fixed in the fitting.
In the least squares fitting the five parameters of the effective potential function veff(O,v 3 )( p) were simultaneously varied to fit the 94 experimentally determined ground state energies. All of the data were given equal weight. The observed-calculated differences are given in Table II and the standard deviation of the fit was 4.2 cm -I, in good agreement with the estimated experimental precision. The few residuals in excess of 10 cm -I probably reflect resonances to some degree; one of the most poorly fit levels is near an unassigned transition in Fig. 4 .
The parameters obtained from the fitting are given in the first column of Table III. Our value for faaaa represents the first reliable determination of this force constant. For comparison the values offaa andfaaaa obtained by previous workers are also presented in Table III .
The dependence on bending angle of the energy of the V3 vibration was also determined and is given by w~OI and w~). As was the case for the HCN/CNH study,I7 the dependence of X33 on bending angle was not determined. Cabana et al. II obtained a somewhat differentx 33 from ours. The size of this discrepancy is in line with previous comparisons l7 and probably results from the larger amount of experimental vibrational data, although oflower accuracy, that was at our disposal.
The value offaa given in the first column of Table II is corrected for the V3 vibrational averaging, through W(2l, but not for the VI vibrational averaging. To estimate the effect of the VI vibrational averaging on the potential function, the three observed vibrational states ll involving VI' (1,0°,0), (1, 1 1 ,0) and (2, 0°, 0), were used to determine the three VI vibrational constants w\OI, W\2), and Xli> while keeping all other constants fixed. The resulting value forfaa corrected now for both VI and V3 vibrational averaging, is given in the second column of Table III . Also given are the VI vibrational constants. Because these constants result from a "perfect fitting," three data fitted with three constants, their errors could not of course be determined, and their final values are very sensitive to any perturbations in the observed levels. The resulting true bending potential is shown as a function of the bending angle p by the solid curve in Fig. 9 . The horizontal line at 17 500 cm -I approximately corresponds to the highest observed bending energy, including the zero point, and thus indicates the region over which the potential function is determined, viz., 0·_100·. Although the highest observed bending state lies slightly above the energy needed to isomerize HCN into CNH (-17300 em -1)14 the empirical HCP bending potential shows no sign oftuming over to form a minimum for CPH. Thus the bending potentials of HCN and HCP are quite different, despite the close similarity in most other spectroscopic properties.
A semirigid bender fitting was also done, using bond lengths determined by fitting our ab initio values (Table V and Fig. 8 ) for values of p from 0° to 75° to give r HC = (1.0619 + 0.0176 p2) A, rcp = (1.5149 + 0.0311 p2) A.
The resulting potential function agrees to within better than 200 cm -I with the one determined by the rigid bender fitting. We thus anticipate that the error introduced by the assumption of a rigid bending geometry to be on the order of 1%.
AB INITIO CALCULATIONS
In the first part of a recent theoretical study22-25 of the gas-phase proton affinities of molecules containing P-C or As-C multiple bonds, there was noted a striking difference between HCN and HCP, namely, that while the former protonates at N to form the linear HCNH+, the latter protonates at C to form the planar H 2 CP+. The linear molecule HCPH+ was found not only to lie much higher in energy than planar H 2 CP+ (approximately 185 kJ mol-1 in the most accurate calculations which were reported, namely those at the MP 4/6-31 G** IIHF 16-31 G* level described below), but also to be a local energy maximum with respect to one degenerate pair of bending modes. This contrast in behavior between protonated HCN and HCP seems in line with what the experimental results imply about the difference in bending potentials between HCN and HCP. It was therefore decided to compute an ab initio bending potential over the full range of bending angle going from HCP to CPH.
COMPUTATIONAL METHODS
Bond lengths corresponding to a semirigid bender model of the HCP-CPH system were obtained by optimization using energy gradients at the SCF (single determinantal) level, the GAUSSIAN 80 program,26 and the split-valence plus polarization basis set2 7 ,28 6-31G* (polarization functions used for P and C only). The computational level is designated as HF 16-31 G*. All six (s + d ) second-order Gaussian polarization functions were used for both the P and C atoms. Specifically the H-C and C-P bond lengths were optimized for values of p, defined as 180° minus the H-C-P bond angle, ranging from OO(HCP) to 180 0 (CPH), with the H-P bond distance then being computed geometrically. The computed H-C and C-P equilibrium distances for linear HCP, namely 1.063 and 1.515 A, respectively, are close to the re values of 1.0692 and 1.5398 A determined by Strey and Mills 20 fit to the experimental results. Detailed theoretical studies of the HCP bond lengths have been reported by Thompson and Ellam. 29 A theoretical determination of the HCP stretching potential in the linear geometry has been reported by Botshwina and Sebald. 30 For each of the optimized geometries (Table IV) the energy was recomputed at the MP4SDQ level (fourth-order M01ler-Plesset perturbation theory with single, double, and quadruple excitations from a single reference configuration) using the 6-31 G ** basis set, identical to 6-31 G * except that p-type polarization functions for the H atom have been included. The resulting energies and energy differences, designatedasMP4SDQ/6-31G **//HF/6-31G *,arealsogivenin Table IV. This is a computational level which we have found to give a very satisfactory description of the proton affinities of PH 3 , HCP, H 2 CPH, and H 3 CPH 2 , as well as of the HCPH+ -H 2 CP+ isomerization energy.22-25 In computing the MP 4SDQ correlation corrections the inner shells (Is for C and Is, 1$, and 2p for P) were excluded. Finally, vibrational frequencies were calculated (Table V) for HCP and CPH 'p==180" -e, where e is H-C-P angle in degrees.
bDistances optimized at HF/6-310*level for fixedp.
C Distance computed from H-C and C-P distances for given p. dHF/6-3IG**1 IHF/6-310*level. 
Overlap populations
d H-C C-P H-P
RESULTS AND DISCUSSION
The HF /6-31 G * bond lengths are given in Table IV and in Fig. 8 as a function of the angle p. We note a transition region fromp = 105° to 135° characterized by a transfer ofH from C to P. This transfer is also seen in the overlap populations (Table IV) calculated at the HF/6-31G**//HF/6-31 G * level. We note that the transfer region has a smaller C-P overlap population and a longer C-P bond than either HCP or CPH. A similar transition region occurs at the top of the isomerization barrier in the HCN/CNH system. 14 However in HCP the transition region does not correspond to a local energy maximum, the usual sense of a transition state, but instead corresponds to an energy shoulder or more figuratively an alpine meadow. Indeed our most striking result givenbytheMP4SDQ/6-31G **/ /HF/6-31G * energies (Table IV and Fig. 9 ), as well as the HF /6-31 G * vibrational frequencies ( Table V) , is that the linear structure of CPH corresponds to a local energy maximum, with the structure being unstable with respect to the degenerate bending mode. This instability may be described as a second-order Renner effect, in which the,2' ground state of CPH is mixed by the differences obtained with the 6-31G ** basis set and the HF/ 6-31G * geometries are 29397,31004, and 32 660 em-I, at the MP4SDQ, MP3, and HF levels, respectively, indicating the role of electron correlation in lowering the difference. Also plotted in Fig. 9 is the experimentally determined bending potential over the range in which the experimental results span. As can be seen, the agreement is excellent. It is seen that the calculated potential, like the experimentally determined one, is surprisingly parabolic for bending vibrational energies up to approximately 17 000 cm -I.
As mentioned before, Table V are 3679, 889, and 2438 cm -I, as compared to observed values l7 of331l, 713, and 2097 cm-I for VI' V 2 , and V 3 , respectively. The key present results are not only that VI and V3 are somewhat less for CPH than for HCP, but also that V2 is imaginary (negative force constant) for CPH. These calculated frequencies correspond to ZPE's of 40.1 and 24.1 kJ mol-I for HCP and CPH, respectively. As HCP has the higher ZPE, the E (CHP)-E (HCP) values should be reduced by an amount not greater than the difference in ZPE values of 16 kJ mol-I (1337 cm -I) based upon our calculated vibrational frequencies. The instability of CPH with respect to the bending mode has already been discussed in terms of the energies in Table IV and Fig. 9 . We note here that the displacement variable for the CPH bending frequency is the H-P-C angle, which differs fromp used in Table IV and Fig. 9 
DISCUSSION AND CONCLUSIONS
There are several quite significant results of this study, and we would like to take this opportunity to discuss them.
First, the observation of photochemical activity of HCP, discovered accidentally and not pursued, opens this new class of novel compounds up for the possibility of further new chemistry.
Second, the fluorescence lifetime measurements confirm some of the speculations of the previous high resolution UV work of Johns et aU Further study, such as Stark and Zeeman quantum beats may better characterize these excited electronic states.
Third, the determination of 94 vibrational energy levels, combined with the previously measured IR vibrational states means that more vibrational states are known for HCP than have been reported for even HCN and H 2 0. Johns et al.'s study characterized more excited electronic states than any other polyatomic molecule, I so HCP may now be the most spectroscopically characterized polyatomic molecule, despite its chemical obscurity and the lack ofthermodynamic data.
Fourth, the observed vibrational energy levels have been fit to experimental accuracy (5 cm -I) by a rigid bender Hamiltonian with only five adjustable parameters. This model has determined the bending potential of HCP over a range of angles from 0°-100°, a range unprecedented for any rigid triatomic molecule. The bending potential is found to be described over that range by only two parameters, a quadratic term and a small quartic term. The variation of the C-P stretching frequency with bending angle, as well as its anharmonic constant X33 have also been determined.
The success of the rigid bender Hamiltonian in fitting the HCP data is striking when one remembers the essential 2-1 resonance between the bending mode and the C-P stretch that pervades the entire range of observed energy levels. The rigid bender Hamiltonian uses an adiabatic separation to remove the small amplitUde stretching degrees of freedom and so is not expected to be able to treat bendstretch resonances directly. However, the C-P stretching vibration V3 decreases with increasing excitation of the bending mode, faster than the anharmonicity of the bending mode decreases its vibrational intervals. Therefore, the 2-1 resonance between V 2 and V3 detunes with increasing excitation in V 2 • The recent chemical physics literature has been overwhelmed with descriptions of how delocalized or chaotic such highly excited vibrational states should be. The apparent simplicity of most high overtone states has recently been attributed to the peculiar character of those states, having all the action localized in one mode. 33 The excited vibrational states observed here have their action spread over two modes, three if you count the I quantum number. Thus the simplicity of their spectrum, explainable in terms of separable modes of vibration, stands in even sharper contrast to the expected delocalized behavior. It must be pointed out that the approximately 10 cm -I resolution of this experiment does not rule out that the states are delocalized, as long as the relaxation rate from the zero order state is not greater than 300 GHz. Still, this is approaching time scales for which nonstatistical chemical behavior would be expected.
Fifth, the ab initio calculations that have been performed on HCP are in excellent agreement with this and previous known spectroscopic data on this molecule. The ab initio bending potential is in excellent agreement with the experimentally determined potential over the latter's range of validity. Therefore, the conclusions of the ab initio calculation, that CPH is unbound, being a saddle point -30 000 cm -I higher in energy than HCP, can be accepted with confidence. This points out once again that the chemistry of the C=P group, though analogous to that ofC=N, has many of its own peculiarities that will be revealed now that its study has begun in earnest by groups such as Kroto's.34
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